In this study an active controller is presented for vibration suppression of a full-bus suspension model that use air spring. Since the air spring on the full-bus model may face different working conditions, auxiliary chambers have been designed. The vibrations, caused by the irregularities of the road surfaces, are tried to be suppressed via a multi input-single output fuzzy logic controller. The effect of changes in the number of auxiliary chambers on the vehicle vibrations is also investigated. The numerical results demonstrate that the presented fuzzy logic controller improves both ride comfort and road holding.
Introduction
Vibrations, caused by road roughness affect the ride comfort and drive safety negatively. These vibrations can be minimized by using semi-active [1] and active suspension systems [2] . In this study, an active control strategy was applied to the full-bus suspension system. Fuzzy logic controllers were used on this system with a fixed number of auxiliary chambers. Fuzzy logic control was preferred since it has a model-free design methodology.
The bus model with seven degrees of freedom
The physical model of the full-bus is presented in Figure 1 . 4 are the front and rear wheel road surface inputs; k t1 , k t2 , k t3 , k t4 are the stiffness of front and rear wheels; m 1 , m 2 , m 3 , m 4 are front and rear unsprung masses; y 1 , y 2 , y 3 , y 4 are front and rear wheel hops; k 1 , k 2 , k 3 , k 4 are front and rear suspension spring constants; b 1 , b 2 , b 3 , b 4 are front and rear suspension damping coefficients; u 1 ,u 2 ,u 3 ,u 4 are control inputs to the front and rear of the vehicle; y is body bounce; θ and α are body pitch and roll angles; I θ and I α are body inertias of pitch and roll, respectively. The air spring model proposed by Bal [3] is used in this study. It can be designed to have different spring constants while carrying the same load. This is achieved by using auxiliary chambers which can be added to or separated from the air spring volume. The air spring model with auxiliary chamber is shown in Figure 2 . Figure 2 . Air spring model with auxiliary chamber Here p is the pressure and v is the volume of air spring at time t; V ac is volume of auxiliary chamber; has is height of air spring; x is displacement of the air spring. Accordingly, the spring constant of the air spring is ( 1) Figure 5 for controlled, uncontrolled-without auxiliary chambers and uncontrolled-with 4 auxiliary chambers cases. It is seen that when auxiliary chambers are in effect the ride comfort improves since magnitudes of the displacements are reduced. Fig. 6 . It is clear from this figure that the maximum suspension deflections for the fuzzy controlled case do not exceed the un-controlled ones with four auxiliary chambers and that there is no permanent deflection, which indicates that the ride comfort is improved without degenerating the suspension working limits. Frequency response is another way to evaluate the behaviour of a dynamic system. The frequency response of main body displacement and its acceleration are given in Figure 7 . The resonances of the body motions belonging to body bounce and its acceleration disappear and the amplitude of the motion over the most of the frequency range becomes smaller effectively. The amplitude of the dynamic wheel load is reduced by fuzzy logic controller. 
Conclusions
In this study, a controller is designed for comfortable and reliable ride for a bus model using an air spring with auxiliary chambers. A fuzzy logic controller was presented in this. The controller is able to protect the suspension working limits. On the other hand ride comfort can be improved while dynamic wheel load improve.
